A gradient reversed phase HPLC method was developed and validated for analysis of betamethasone dipropionate, its related substances and degradation products, using Altima C 18 column (250×4.6 mm, 5 μm) with a flow rate of 
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Betamethasone dipropionate (BD) (9-fluoro-11(β), 17,21-trihydroxy-16(β)-methylpregna-1,4-diene-3,20-dione 17,21-dipropionate) is an active pharmaceutical ingredient belonging to the family of glucocorticoid steroid and is classified as a super-potent corticosteroid with topical antiinflammatory activity. The topical formulations containing BD are being marketed in US since 1975. The various dosage forms of BD currently available in the market are cream, gel and lotion and these approved products contain at least 0.064% betamethasone dipropionate. The topical corticosteroids, such as BD are effective in the treatment of psoriasis and corticosteroid-responsive dermatoses, primarily because of their antiinflammatory, antipruritic, and vasoconstrictive actions [1] [2] [3] . The topical products of BD contain very low concentration of active substance to avoid the skin irritation; however, it results into higher frequency of administration.
In pharmaceutical product development, impurity profiling plays a vital role. The regulatory bodies such as US-FDA and EMA mandates to estimate the impurity present above 0.1% of the label claim for the active substance. The International Conference on Harmonization (ICH) has also provided a guidance document to monitor impurities present in new drug substances and new drug products [4] . Sometimes over the shelf life, the dosage form factors can influence the drug stability and ultimately resulting into forced recall of the marketed products. Fluocinonide topical solution USP, 0.05% presented in 60-ml bottle, was recalled from the United States markets because degradation products were generated leading to the sub-potent formulation [5] . According to a stimuli paper for topical and transdermal product [6] by USP Pharmacopeia forum, determination of related substances should be the first step in examination of safety and quality of the drug product. Thus, according to the recommended approach, the analytical method being used should be sensitive (having low limit of detection and quantitation) and stability indicating i.e. should be able to separate and quantify the drug, its related substances and degradation products.
As depicted in fig. 1 , the active moiety, BD has very close structural similarities with its all three related substances and hence it is very challenging to develop a stability-indicating RP-HPLC method which can monitor the chromatographic purity of BD and can also quantify the related substances throughout the shelf-life of the dosage form. The other challenges in developing analytical method for related substance in BD topical formulations are; low concentrations of active, presence of preservative and antioxidant and interference from their respective degradation products. The thorough literature survey revealed that a few stability-indicating normal and reverse phase HPLC methods for betamethasone dipropionate, betamethasone valerate and dexamethasone in their respective dosage forms [7] [8] [9] [10] [11] [12] [13] are available but all of these methods are specific to the formulation compositions which are different than the formulation developed in our laboratory. Moreover, the three pharmacopeia; USP, BP and EP have reported the assay methods for estimating BD in different dosage forms but not for the impurity quantification [14] [15] [16] .
The present analytical work describes an accurate, specific, repeatable and stability-indicating method for the determination BD in presence of its degradation products and related substances for assessment of purity of drug and stability of its topical dosage forms. The proposed method was validated as per ICH guidelines and its updated international convention [17] .
MATERIALS AND METHODS
9α-Fluoro-11β,17,21-trihydroxy-16β-methyl-pregna-1, 4-diene-3,20-dione 17-propionate (impurity-A), 9α-fluoro-11β,17,21-trihydroxy-16β-methyl-pregna-1,4-diene-3,20-dione 21-propionate (impurity-B), 9α-flu oro-11β,17,21-trihydroxy-16β-methyl-pregna-1,4-die 
Chromatography conditions:
The separation of BD and related substances was achieved using Alltima C18 5 µ, 250×4.6 mm as a stationary phase and eluting it for 80 min with mobile phases A-B (gradient program as depicted in Table 1 ) at a flow rate of 1.0 ml/min. The mobile phase A is a mixture of water, tetrahydrofuran and acetonitrile in the ratio of 90:4:6 (v/v/v) while mobile phase B is a mixture of acetonitrile, tetrahydrofuran, water, and methanol in the ratio of 74:2:4:20 (v/v/v/v). The samples were analyzed using 20 μl injection volume and the column temperature was maintained at 50° throughout the analysis using column oven. Detection and purity establishment of the main drug and its related substances were achieved using a photo diode array (PDA) detector at 240 nm wavelength.
Preparation of standard and sample solution:
A mixture of water and acetonitrile in the ratio of 20:80 v/v was used as a diluent. The standard stock solution of BD was prepared at 100 μg/ml concentration. The working standard solution of 1 μg/ml was prepared from 100 μg/ml stock solution with the help of above mentioned diluent. The resolution solution to be used in system suitability experiment was made to contain 2 μg/ml impurity-C and 100 μg/ ml BD.
The sample solutions of dosage forms and respective placebo were prepared by transferring 4 g of drug product formulation or 4 g of placebo formulation, which is equivalent to 2.0 mg of BD, into 20 ml volumetric flask to which 15 ml of diluent was added and further mixed using cyclo-mixer. The resultant dispersion was further sonicated for 30 min with intermittent shaking and then brought to the room temperature and the volume was made up to the mark with diluent. The resultant dispersion was further centrifuged at 10,000 rpm for 15 min. Further, the supernatant solution was filtered through 0.2 μm PVDF filter.
Method validation:
The developed method was validated for specificity, limit of detection (LOD), limit of quantitation (LOQ), linearity, precision, accuracy, solution stability, robustness and filter validation as per the guidance provided by ICH guidelines [17] . The system suitability was demonstrated every time before the experiments of above mentioned validation parameters. The system suitability experiment consists of injecting blank (diluent), resolution solution and working standard solution (in duplicate) in to the chromatographic system. The acceptance criterion for the system suitability is explained in detail in result and discussion section.
Specificity is the ability of a method to measure the analyte response in the presence of all potential impurities and formulation matrix. The specificity of the method was established by injecting solution of 100 μg/ ml of BD and three individual solution of impurity-A (2 μg/ml), impurity-B (1 μg/ml) and impurity-C (1 μg/ml) in the above given chromatographic conditions. Further, to understand the matrix effect, sample solutions of dosage forms, their respective placebo and sample solutions of dosage forms spiked with known impurities (2 μg/ml of impurity-A, 1 μg/ml of impurity-B and 1 μg/ml of impurity-C) were also injected. Moreover, 4 g sample of dosage forms and their respective placebo formulations were exposed to various stress conditions like acid (1 ml of 1 N HCl at 40° for 1 h) and base (1 ml of 0.2 N NaOH at RT for 15 min), peroxide (1 ml of 50% v/v H 2 O 2 at RT for 20 min), heat (105° for 6 h), UV (total 200 watt h/m 2 ), light (total 1.2 million Lux h) and humidity (90% RH at 25° for 72 h). The sample and placebo for acid were neutralized with base (1 ml of 1.0 N NaOH) and the sample and placebo for base were neutralized with acid (1 ml of 0.02 N HCl). The final samples were prepared from these neutralized samples as per the method described under the section 'Preparation of standard and sample solution'.
The limit of detection (LOD) and limit of quantitation (LOQ) for BD and all three known impurities was determined by adopting slope method approach as delineated in ICH guidelines [17] . The individual stock solutions of BD (100 μg/ml) and three known impurities; impurity-A (100 μg/ml), impurity-B (100 μg/ml) and impurity-C (100 μg/ml) were prepared to demonstrate the linearity. The solution for six calibration levels containing BD and three known impurities were prepared using different volumes from the above mentioned stock solutions. The resultant solutions of calibration levels have different specifications of individual known impurities (<5% for impurity-A, 2% for impurity-B and 1% for impurity-C). The graph of peak area of BD and three known impurities was plotted against their respective concentrations. The method of least square regression was used to describe correlation coefficient, regression equation and Y-intercept bias.
The precision was studied by preparing six replicates at LOQ and 100% level of the specification (<2% for impurity-A, 1% for impurity-B and 1% for impurity-C). The LOQ samples were prepared by taking 4 g of placebo formulation in 20 ml volumetric flask and spiking it with BD, impurity-A, impurity-B and impurity-C (to have individual concentration of 0.07 μg/ml in 20 ml sample solution) and the final volume was made up to the mark. The 100% level samples were prepared by taking 4 g of formulation (equivalent to total 2 mg of BD i.e. 100 μg/ml) in 20 ml volumetric flask and spiking it with impurity-A (to have concentration of 2 μg/ml), impurity-B (to have concentration of 1 μg/ml) and impurity-C (to have concentration of 1 μg/ml) and the final volume was made up to the mark. The % RSD of observed impurity levels were calculated and reported for each impurity. The intermediate precision (reproducibility) at 100% level was also performed during validation exercise by analyzing the new set of six replicates samples on day 2 by second analyst.
The recovery experiments were carried out by standard addition technique to demonstrate the accuracy of the proposed method. The BD and impurity standard solutions at four different levels (LOQ, 50, 100 and 150%) were added to placebo. The prepared triplicate solutions were injected in to the chromatographic system. The LOQ samples were prepared by taking 4 g of placebo formulation in 20 ml volumetric flask and spiking it with BD, impurity-A, impurity-B and impurity-C (to have individual concentration of 0.07 μg/ml in 20 ml sample solution) and the final volume was made up to the mark. The 50% level samples were prepared by taking 4 g of placebo formulation in 20 ml volumetric flask and spiking BD (to have concentration of 100 μg/ml), impurity-A (to have concentration of 2.5 μg/ml), impurity-B (to have concentration of 1 μg/ml) and impurity-C (to have concentration of 0.5 μg/ml) and the final volume is made up to the mark. Similarly the 100% and 150% level samples were prepared by varying the concentration of all three impurities while keeping the BD concentration same as that in 50% level.
The solution stability was demonstrated for working standard solution of BD (1 μg/ml) and impurity spiked solutions of all three known impurities (impurity-A: 2 μg/ml, impurity-B: 1 µg/ml and impurity-C: 1 μg/ml). Both the solutions were prepared in duplicate and bench top stability at room temperature was evaluated by analyzing samples at initial, 24, 48 and 120 h. The similarity factor was calculated against freshly prepared working standard of BD at each time point.
The robustness of the method was established by injecting three different solutions (working standard solution of BD, resolution solution and sample solutions of dosage forms spiked with three known impurities) at three different flow rate and three different column temperature. The concentration of working standard of BD used was 1 μg/ml. The concentration impurity-C was kept at 1 μg/ml and BD was kept at 100 μg/ml in the resolution solution. The third solution was prepared to contain 100 μg/ ml of BD along with 2 μg/ ml of impurity-A, 1 µg/ml of impurity-B and 1 μg/ml of impurity-C. The duplicate injections of the above three solutions were analyzed by keeping flow rate 1 ml/min at three column temperature of 45°, 50° and 55°. Further, the duplicate injections of the above three solutions were also analyzed by keeping column temperature at 50° at flow rate of 0.9, 1.0 and 1.2 ml/min. Thus, total six injections in duplicate were analyzed using the chromatographic system. The filter validation exercise was done on two different filters (PVDF and Nylon) using sample solutions of dosage forms spiked with three known impurities (as prepared in 100% level of precision experiment). Further, the above samples were centrifuged at 10,000 rpm for 15 min and 20 μl supernatant solutions were analyzed using the chromatographic system. The supernatant was also filtered through 0.2 μ PVDF and 0.2 μ Nylon filters. The peak responses of individual three impurities from filtered samples were compared against peak responses from centrifuged (Un-filtered) samples.
RESULTS AND DISCUSSION
BD and all its related compounds showed wavelength maxima at 240 nm and therefore it was selected as wavelength for the detection. The column oven temperature was maintained at 50° to achieve the sharpness of the peaks.
Three different injection volumes; 20, 50 and 100 μl were evaluated to achieve the maximum peak response. However, 20 μl was selected as injection volume, since loss of specificity among the placebo and impurity-C were observed at 50 μl and 100 μl injection.
Initially, the mobile phase A consist of mixture of water and acteonitrile in the ratio of 90:10 (v/v) which is more polar and mobile phase B consist of a mixture of acetonitrile and water in the ratio of 90:10 (v/v) which is less polar were tried in gradient elution. Further, methanol was added and acetonitrile was reduced in mobile phase B to make it less polar. Thus, the gradient elution with mobile phase A (90:10 v/v of water:acetonitrile) and mobile phase B (80:10:10 v/v/v of acetonitile:water:methanol) gave the required separation of BD and its related substances. However, the separation amongst peaks of impurity-C and the excipients from the formulation matrix could not be achieved. Therefore, tetrahydrofuran (THF) was added to the mobile phase B to make it further less polar as the polarity index of THF is 4.0. The percentage of THF in the mobile phase B was optimized to 2%. Thus, the final composition of Among the three different makes of column having same stationary phase (chemistry and dimensions), Altima C18 (250×4.6 mm) column was chosen since it gave higher selectivity of all peaks of interest and showed consistent performance in various lots of the columns.
Flow rate of 1.0 ml/min was chosen for the back pressure reasons. The optimized method showed good resolution between BD and three related substances ( fig. 2) and BD, three related substances and placebo peaks (fig. 3) . The retention time, relative retention time and relative response factor of each impurity and their concentration with respect to BD are depicted in Table 2 .
The extraction of drug from the formulation matrix was carried out using different ratio of various solvent mixtures such as methanol:tetrahydrofuran, water:methanol and water:acetonitrile. The solvent mixture containing tetrahydrofuran showed poor peak asymmetry and water:methanol solvent mixture could not provide the desired recoveries from the formulation matrix. BD and its related substances are soluble in acetonitile and therefore combination of water:acetonitrile (20:80 v/v) gave complete extraction from the matrix of in house formulations. Moreover, this solvent mixture also imparted good peak symmetry because the chosen solvent mixture is miscible with the optimized combination of mobile phases.
The system suitability with the following acceptance criterion was demonstrated every time before all experiments of the validation parameters. The resolution between impurity-C and BD was set to be not less than 11 since this was sufficient to provide the required separation between impurity-C and placebo peaks. The ratio of peak areas of BD in two replicate injections from the working standard solution should be in the range of 0.9 to 1.1 since this ratio ascertains to limit the injection to injection variability. The tailing factor of 2 was selected since this controls the peak asymmetry.
The optimized chromatographic conditions were further subjected to method validation as per ICH guidelines. The chromatograms depicted in figs. 2 and 3 revealed that the developed method is specific since there is no interference amongst BD, its related substances and peaks from formulation matrix. The results of the various forced degradation experiments are summarized in Table 3 . The peak purity of BD and its related substances in forced degradation samples shows that the peak of BD and its related substances is pure as the purity angle of BD and its related substance is less than the purity threshold. Amongst, the various degradation conditions only base, peroxide and light are responsible for the degradation of BD. The data from Table 3 , figs. 4 and 5 revealed that BD got degraded in base to form unknown impurities of 2.28% and in peroxide condition to form impurity A 17.63%. As depicted in fig. 6 , the peak height and area counts of BD got reduced, confirming the susceptibility of BD to photolytic conditions. Moreover, as depicted in Table 3 the maximum net degradation of BD was also observed in photolytic conditions (49.4% in UV and 89.6% in visible). However, the data revealed that the photo degradation of BD did not result in to the three known impurities. This finding is in line with the recent findings of Lin et al. [18] . The overall results of specificity study insure the stability-indicating nature of the developed method [19] .
The limit of detection and limit of quantitation were found to be 0.02 and 0.07 µg/ml, respectively for BD as well as its related substances. Moreover, the signals to noise (S/N) ratios are in the range of 3.4 to 4.3 for LOD and 9.4 to 10.4 for LOQ for BD and its related substance, indicating that the noise is not contributing to the quantified area.
The results of linearity experiments are depicted in Table 4 . The results revealed that the developed method is linear in the range of 0.07 μg/ml (LOQ) to 2.02 μg/ml (200% of unknown impurity specification-1%) for BD. The same method is also linear in the range of 0.07 μg/ml (LOQ) to 200% of individual impurity specification (i.e. for impurity-A 200% of 5%=10 μg/ml, for impurity-B 200% of 2%=4 μg/ml and for impurity-C 200% of 1%=2 μg/ ml) of all three impurities. The regression coefficients for BD and the three related impurities are in the range of 0.9991-0.9999. Moreover, the calculated Y intercept bias (Intercept/Area count of response at 100% of specification level×100) is less than 2%, validating the linearity of the curve.
The results of precision (repatability and reproducibility) experiments are collated in Table 5 .
The data confirmed the repetability and reproducibility (precision at 100% level with second analyst on day 2) of the developed method since all % RSD values are less than 5.
The mean of all recovery values at three different levels for all related impurities are in the range of 98-102% which are well within the acceptance criteria of 90-110%. Thus, the developed method is accurate with respect to all three impurities. The bench top solution stability data of standard (BD) and sample solutions (three related impurities) showed that there is no instability upto 120 h since the calculated similarity factor at the three different time period were below the acceptance criterion of 10%. Thus, the developed method is rugged.
The results of robustness studies are collated in Table 6 . The data revealed that by varying the flow rate and column temperature, the acceptance criterion for system sutability is still fullfilled for all the three parameters (ratio of peak areas of BD in two replicate injections, tailing factor of BD and resolution between impurity-C and BD). Morovere, by varying the flow rate and column temperature for sample solutions of dosage forms spiked with three known impurities, the relative retention time of all three impurities with respect to BD did not get affected. Thus, the developed method is robust.
The filter validataion data is delineated in Table 7 .
The data revealed that the difference of impurity contents (for all three impurities and total impurities) from centrifuged portion and filtered portion is not more than 10%, indicating that there is no drug binding and no interference from any unknown peaks generated from either PVDF or Nylon filter.
The developed method provides selective quantification of BD and its three related impurities without having interference from blank solution and formulation matrix solutions, thereby affirming stability-indicating nature. The proposed method is highly sensitive, reproducible, and specific. Further, the developed method is robust for separating and quantifying BD and its three related impurities. The proposed method can also be extended for routine quality analysis of pharmaceutical products of the similar composition. The experience from the above described method indicates its simplicity in terms of sample preparation, precision and ruggedness compared to the other reported methods of determining BD and its related substance from lotions, creams and ointments. 
